diseases that are detectable via the urinary system. Urinalysis consists of urine physical appearance, chemical analysis, and microscopic sediment examination. Manual microscopic method for the examination of urine is time consuming, labor intensive, and requires well-trained and experienced technicians. Moreover, and as a result of some inherent subjectivity, variations among observers are not uncommon. As a result, automated urine analyzers were developed to improve both productivity and consistency of results in urinalysis. [1] [2] [3] [4] [5] Automated urine sediment analysis is performed, using either digital imaging or flow cytometry. In 1985, the Yellow IRIS ® automated urinalysis instrument (International Remote Imaging Systems, Inc., Chatsworth, CA, USA) was introduced that uses a video camera and an image analysis system. A few years later, flow cytometry was developed and introduced in the UF-100 ™ fully automated urine cell analyzer (Sysmex Corp., Kobe, Japan). Since that time, many manufacturers have launched new and more advanced analyzers, including the IQ-200 (IRIS, Chatsworth, CA, USA), UF-1000i (Sysmex Corp., Kobe, Japan), and FUS100 (Dirui Industrial Co. Ltd., Changchun, China).
Many studies have compared the performance of automated urine sediment analyzers against each other and against manual sediment microscopy. 1, [6] [7] [8] [9] [10] [11] In 2009, a Hungarian company named 77 Elektronika Kft. developed and introduced a new automated urine sediment analyzer and marketed it under the names UriSed or sediMAX in some countries. This instrument captures high-power field-like images from urine centrifuged in a disposable cuvette via a digital camera that is mounted in a bright-field microscope at 400× magnification. Particles are then identified and categorized with image processing software.
The automated process used in the UriSed analyzer is similar to the process used in manual microscopic examination. The images are then presented on a screen, which allows for visualization and identification of particles that can be rechecked and adjusted, as needed, by a technician. Although the UriSed software can evaluate red blood cells (RBCs), white blood cells (WBCs), and squamous epithelial cells (ECs) correctly, and is able to differentiate other sediment particles with acceptable results, but manual verification is still needed. 5, 12 As a result, 77 Elektronika Kft. set forth to improve their technology and software, and recently launched the UriSed 3 in 2016. The UriSed 3 uses technology similar to that used in their first UriSed analyzer, but with some new features. New features include a built-in microscope with close to 100× magnification so that more native urine is examined within 15 images, and a phase contrast microscope to supplement the preexisting bright-field microscope. 13, 14 In contrast, the Sysmex UX-2000 is an automated urine analyzer that uses flow cytometry technology for sediment analysis. The advantage of the UX-2000 is that it can evaluate all three components of urinalysis in one machine. However, the UX-2000 is limited in its ability to categorize some type of particles, such as pathological casts and crystals, with some results still needing to be confirmed by an experienced technician. 15 The objective of this study was to compare the performance of the UriSed3 and UX-2000 automated urine sediment analyzers with each other and with the results of manual sediment microscopy. 13, 14 In this study, the results analyzed by AIEM were defined as 'UriSed 3 pre-classification' results, while the results rechecked by technologists were defined as 'UriSed 3 postclassification' results.
| MATERIALS AND METHODS

| Urine samples
| Manual microscopic examination
For the manual method, 10 mL of each urine specimen was poured into conical urine tubes and centrifuged at 2000 rpm (400 g) for 5 minutes according to the following equation 9 :
where RCF, relative centrifugal force; r, distance between the rotation axis and the center of the sample tube in centimeter; rpm, revolutions per minute.
Nine milliliter of supernatant was discarded, using a tri-bulb.
After resuspending the remaining 1 mL of urine, the sample was where n, number of cells counted in 10 small squares; Vol Chamber , volume of 10 small squares; CF, concentration factor. was used for UriSed 3, and UF II CONTROL ™ (Sysmex America, Inc., Lincolnshire, IL, USA) was used for UX-2000. For between-run precision, both levels of quality control materials were run daily for a total of 20 days. We assessed the precision of each method by calculating the coefficient of variation (CV).
| Method comparison design
| Precision study
| Linearity study
Linearity is the ability of a device to accurately count particles in vari- 
| Carry-over study
A urine specimen with a high concentration of particles was aliquoted into three tubes (S1, S2, S3) and analyzed consecutively, followed by the consecutive analysis of three successive aliquots of normal urine 
| Accuracy evaluation
The component results of urine sediment analysis were categorized into two groups. The first group included RBCs, WBCs, and ECs reported in cells/μL. We analyzed agreement between various combinations of methods using intraclass correlation coefficient (ICC) and
Bland-Altman plot. We also calculated the correlation coefficient (r)
to determine the strength of the linear relationship between methods. In addition, these quantitative results were converted to counts/ HPF and categorized into five ranges: 0-5, 5-10, 10-20, 20-50, and >50 counts/HPF. The concordance rate within one grade difference was then analyzed together with weighted kappa (κ). The following remaining parameters were included in the second group: bacteria, yeasts, small round cells, hyaline casts, pathological casts, and crystals.
All parameters in the second group were reported as either positive or negative. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for each parameter result from each method, with manual microscopic examination being used as the standard method.
| Statistical analysis
Data were analyzed, using PASW Statistics for Windows, version 18 .0 (SPSS, Inc., Chicago, IL, USA) and Microsoft Excel (Microsoft 19 A P-value <.05 was considered to be statistically significant.
| RESULTS
| Precision and linearity study
Within-run and between-run precision of microscopic analysis for both the UX-2000 and UriSed 3 are shown in 
| Carry-over study
The carry-over (%) was calculated in RBCs, WBCs, and bacteria on both the UX-2000 and UriSed 3, as shown in Table 2 . A carry-over of <1% was observed on both devices for all three parameters.
| Comparison of urine sediment
Quantitative counting of RBCs, WBCs, and ECs by all three methods was analyzed in pairs for correlation coefficient (r) and intraclass correlation coefficient (ICC), as summarized in Table 3 (Table 4 ).
The diagnostic accuracy of both devices compared with manual microscopic examination is given in Table 5 . UriSed 3 postclassification had the highest specificity of all parameters, followed by UriSed 3 preclassification. However, the UX-2000 demonstrated higher sensitivity for detecting bacteria, hyaline casts, and pathological casts.
| DISCUSSION
Automated urine analyzers were developed to improve laboratory productivity and to reduce interobserver variability. However, automated analyzers vary by analytic method and performance.
In this study, we compared the performance of the UriSed 3 and UX-2000 automated urine sediment analyzers with each other and with the results of the manual microscopic method. For an overall finding, we observed that a higher concentration of sediment was associated with a lower %CV, which corresponded with the findings of other studies. 12, 20 UX-2000 test data from this study was similar to UX-2000 test data reported in a previous study. 1 Our UX-2000 test data was also similar to Sysmex UF-1000i test data reported by Lee et al. 21 Both machines use flow cytometry technique for sediment evaluation.
However, Jiang et al., 22 reported slightly lower between-run precision results than found in the present study. For UriSed 3, the %CV was very similar to %CV results reported from a study in UriSed 3
performance that was conducted in a central laboratory in Budapest, Hungary. 14 Moreover, the overall precision of the UriSed 3 observed in this study was consistent with the findings reported in previous studies of the UriSed and sediMAX analyzers. Linear regression graphs from both devices showed excellent correlation, with r>.99 for RBCs and WBCs. Slight differences in measured concentration of RBCs and WBCs between instruments, even though they were evaluating the same specimen, may be due to differences in analytic method. For carry-over study, percentages of carry-over were <2%. 24 For quantitative results of RBCs, WBCs, and ECs, we used ICC and
Bland-Altman plot to evaluate correlation between methods. UriSed 3 preclassification showed excellent agreement for all three elements, which was consistent with data from a study by Bottini et al. 23 In addition, most of data points in Bland-Altman plot were within ±1.96s (standard deviation) of mean difference, which indicates good agreement.
Moreover, Zaman et al. 12 showed that after editing, the diagnostic accuracy of all three parameters tended to increase, which was similar to our UriSed 3 postclassification data. For semiquantitative analysis of all three parameters, the results demonstrated very good concordance 
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Comparison of concordance rates and kappa coefficients between various combinations of methods (95%-100%), which corresponded to outcomes reported by Erzsébet (90%-98%). 14 However, weighted kappa data from Zaman et al. 12 indicated substantial agreement for all RBC, WBC, and EC parameters, which was similar to our data, except we found only moderate agreement for ECs. In contrast and relative to the qualitative parameters evaluated by UriSed 3, only non-ECs and pathological casts showed sensitivity and specificity similar to data supplied by the manufacturer.
Other parameters, including bacteria, yeasts, hyaline casts, and crystals, had similarly high specificity (>85%), but lower sensitivity. 14 These disparities may be attributable to differences in the microscopes used in the manual method. Our study used bright-field microscope, but the manufacturer used phase-contrast microscope, which is more accurate. Manual editing resulted in a slight increase in specificity for almost all parameters. Manual editing also slightly increased the sensitivity for detecting yeasts and hyaline casts. However, the sensitivity for detecting small round cells, pathological casts, and crystals tended to decrease. Zaman et al. 12 reported that after manually reviewing three out of 15 images, there was a substantial increase in sensitivity for all elements, except for pathological casts. These differences in findings between our study and theirs may be due to differences in microscope magnification. Zaman, et al. evaluated the performance of the sediMAX analyzer, which captured images at a magnification of 400×, but our UriSed 3 images were captured at 100×. Although 15 images at 100× should facilitate a more comprehensive evaluation of native urine, the quality of the images was lower. The low magnification and low resolution observed in UriSed 3 images made particle identification by the technologist difficult. Even though UriSed 3 preclassification and postclassification results were only slightly different, reanalysis by a well-trained technologist is recommended, especially for pathological urine specimen.
Several studies in the UF-1000i and UF-100, both of which use flow cytometry (the same method that is used by the UX-2000), found good correlation for quantitative RBCs, WBCs, and ECs between each of the two urine analyzers and the manual examination method. [20] [21] [22] 25 These findings corresponded with our data, which showed excellent agreement for RBCs and WBCs, and substantial agreement for ECs between the automated and manual methods. In contrast, Wesarachkitti From our findings, each of the two instruments had its own distinct advantages, but also some identifiable inferiorities. UriSed 3 requires only a small amount of urine and does not require any reagents.
Moreover, the digital imaging with editing function on the UriSed 3 reduces the time needed for the manual review process, and the specimen preparation time is also shorter than the preparation time needed for the UX-2000. Moreover, the microscopic images from the UriSed 3 can be documented and can be used for technician training.
The UriSed 3 also has a dual microscope system that includes both a bright-field microscope and a phase-contrast microscope.
European Urinalysis Guidelines recommend using a phase-contrast microscope for routine particle identification, and this corresponds with Clinical and Laboratory Standards Institute (CLSI) approval of phase-contrast microscopy as a method for identifying and measuring urine sediment. 2, 27 It was expected that the special optical properties of phase-contrast technology would yield higher accuracy in the identification of particles. 14 Although the additional phase-contrast function may be helpful in differentiating some particles, such as dysmorphic RBCs, yeasts, and hyaline casts, the 100× magnification resulted in low-resolution images, which made particle identification difficult. In the opinion of the authors, combining a 400× magnification brightfield microscope with the phase-contrast feature would likely result in better and easier particle identification. 
